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(54) group-based amorphous alloy ribbon and magnetic marker 

(57) An Fe group4)ased amorphous alloy ritsbon 
having a cross section having a width of from 100 to 900 
^m and a tfiickness of from 8 to 50 )im and a magnetic 
hysteresis kx)p which exhibits a large Barttousen dis- 
contirujtty. The amorphous alloy rbbon is suitatile tor 
preparing magnetic markers for use In an anti-ttieft sys- 
tem and an article sun^eiltance system, and as a pulse 
generator. A magnetic marker formed from the amor- 
phous afkiy ritibon is also disclosed. 
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Descflption 

FIgLD OF THE INVENTION 

5 The present invention relates to an Fe group-based anxxphous alkiy rbbon which has magnetic charactenstics 
exh^ng a large Barhhausen discontinuity in a magnetic hysteresis loop and which has excellent pulse vohage gener- 
ating properties. More particularly, the present invention relates to a magnetic marker comprising the above ribbon for 
use in an anti-theft system or in an artide surveOlarKe systera 

w BAf^KGRQUND OF THE INVENTION 

rt is well known that amorphous alloy materials hannngvark)usforrns8uch8sarS)bonfornrxafilan()e^ 
derform. etc.. can be obtained tsy quenching a nrtoHen alloy, h particular, the Fe- and Co4>asedanfiorphousalk)y fila- 
ments (fisdoeed in JP-A-1-25941 (corresponding to Ua Patent 4.735.864) and JP-A-1-25932 (corresponding to U.S. 

IS Patent 4.781.771) are known magnetic materials having a cfistinctiva magnetic characteristic called a large Barkhausen 
discontinuity. These mat^ials undergo a sudden magnetic flux reversal when the strength of an applied magnetic field 
reaches a critical value in a magnetic hysteresis kxsp. (Die term *JP-A* as used herein means an ImeDcamined pub- 
nshed Japanese patent appOcation".) These amorphous aRoy filaments have been wdely used in various magnetic 
ma rkers and iTTm agnetic sensors as pulse generator w hich induce a sharp voltage pulse in a detection coil independent 

20 of the ahematil^ vequency of an applied magnetizii^ magn^ field. 

On the other hand, it is known that a quench-sotidiried Fe ^oup-besed amorphous alksy rit^ 
large Barkhausen discontinuity, while a quench-solid^ amorphous filaments exhibrt a large Barkhausen discontinuity. 
However, it is also known that an amorphous alloy ribbon subjected to a specif k; heat treatment is capable of eochbtting 
a large Barkhausen discontinuity. JP-B-3-27958 (conesponding to U.S. Patents 4.660.025 and 4,686,516) drsck>ses 

25 that, by keeping an Fe-basedarnaphous alloy rftsbon in a flattened state after heat 

perlOomlengtiioftheritibon, the amorphous aDoyrSibon exhibits magnetic cfiaracteristics having a large Barkhausen 
discontinuity. (The term "JP-^" as used herein means an 'examined published Japanese patent appTication*.) 

Also, EP- A-762354 dtsck)ses a Oo-based amorphous altoy rUxxi heat-treated passing an electric current there- 
through in a magnetic field whk:h has magnetic characteristics exhibiting a large Barkhausen cfiscontinuity. and also 

30 desaibes that magnetic markers can be formed from such a Co-t)ased amorphous alloy ribbon. 

Recently, with the popularity of anti-theft systems and artide survetDance systems utilizing magnetic nrarioers. a 
magnetic marker having an inconspicuous construction for adhering to articles has been desired, and there is a 
demand for a new smalhsized soft magnetic material having a length of 1 0 cm or shorter, and desirably 7 cm or shorter, 
which can be formed into a tttin-type magn^ nwker. 

35 However, in the case of magnetic markers formed from the abov&^escrbed Fe- and Co-based amorpfious alloy 
filaments, the diameter of tfie fSament is necessarily 90 pm or larger in order to pn^e sufficient pulse generating char- 
acteristics. Thus, the resulting magnetic markers disadvantageousty l)ecome thick when these filaments are inserted 
between various film materials or papers. 

On the other hand, when ttie preeerit irweritoTB prepared an Fe-based arriorphous alloy rO^^ 

40 turns per10 cm while being heat treated at 380°C for 25 minutes using an FeBiSi4B^4Ci (the numerals represent 
atomk:%) amorphous altoyrtibonhavingawkfthof 2mmandathx:knessof25|Amasdisck>sedin JP-&^ 
foIkMving problem was kient^ed. 

That is. the present inventors found that arvKxphous aOpy rSibons fonger than 10 cm can t)e obtained wfuch have 
magnetic characteristics exhibiting a large Barkhausen discontinuity, but a twisting number of 4 a more turns per 10 

45 cm of the length of the ribbon during heat treatnrent is required. In addition, in a state in which the twisted amorphous 
alloy ribbon is released and hekf flat after heat treatment, the rranimum magnitude of the applied magnetizing f ieU (crit- 
ical magnetic fieU) needed to evcto a large Barkhausen discontinuity is greater than 0.6 Oe. Also, because the critical 
magnetic field is large, an induced pulse is not generated in a detection coO in a magnetizing fieU of 0.7 Oe or kwrer. 
Thus, only magnetic markers having poor detection characteristics in various anti-theft systems can be realized. 

50 Also, it has been found tiutt an amorphous alloy ribbon having a length of 10 cm or shorter after heat treatment 
does not have magnetic characteristics extnbiting a large Bart<hausen discontinioty That 6, it has been determined that 
an amorphous alk)y ribbon after heat treatment where the twisted amorphous alloy rS)bon is untwdsted and the rbbon 
is heU flat has poor pulse voHage generation characteristics, and thus cannot be fomned into small^ed and tfun mag- 
netic markers. 

55 Furthermae. because tfie twisting number is as high as 4 turns or more per 10 cm length ol the amorphous alloy 
ribbon, there are problems in that the ribbon frequentiy tears during heat treatment, and kmking or distortion of the nl)- 
bon due to the severe twisting occurs when winding the ribbon on a bobbin after heat treatment or wfien unwinding the 
ribbon from a bobbia Alsoi it was detemtined that magnetic markers comprising an Fe^iased amcKphousallt^ rfbton 
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which, after heat treatment is flattened wfth a film inthatdiJetDthehightouglv 
nes& of the Fe-based amorphous aikiy ritsbon, the magnetic marKerB adopt a strongly twisted state. Handling of the 
magnetic marker thus l>ecom6Sdifftcutt, and the magnetic markers are Gable to release trom articles to which they are 
adhered 

5 Also, the present inventors heat treated a Cotased amorphous aOoy ribbon by passing electric current there- 
through in a magn^ fteM as cSsdosed in EP-A-762354. The magnetic chamctenstks thereof were measured. It was 
deternined that an amorphous alloy ribbon having a length of 10 cm can eidiibrt a large BarWiai^en discontinuity, but 
the minimum value of the magneti:^ f iekj (critical magnetic field) needed to evoke a large Barkhausen discontinuity 
is larger than 0.8 Oa Alsa (t was confirmed that becaise the critkal magnetic fieU for the amorphous aDoy ribbon is 

70 large, magnetic markers fomied with thts amorphous aDoy ribbon do not generate an induced pulse in a detection coil 
in a low ma^etizing field of 0.7 Oe or lower. Thus, the detectxyi characteristics in various anti-theft systems are poor, 
and practical magnetic markers canrxjt be ot^tained. 

Acoorcfingly, the devetopmem of an amorphous alloy rnateria) which has nra 
Barkhausen (fiscontinuity even in a length of 10 cm or shorter and wNch has a low aitical na^ 

IS large Barkhausen discontinuity has been desired. AIsol the development of a thin-type amorphous altoy material for 
fornung magnetic narkers without hardly any twisting has been desired. 

SUMMARY OF THg INVENTION 

20 Thus, it is an object of the present invention to provide an amorphous altoy ribbon having a length of 10 cm or 
shorter which exhibits a large BarMiausen discontinuity in a aitical magnetic fiekl of 0.7 Oe or lower. 

Also, another tibject of the present invention is to provide a Ihin-type smaQ^ed magnetic marker oonprising the 
above-descrbed amorphous altoy rftsbon which exhibits a large Barkhausen discontinuity. 
As a resuh of various investigations for att^ing the above objectives, the presem inve^ 
2s group-based amorphous alloy tftibon having a specific cross^sectional form can have ma^etic characteristics exhbrt* 
ing a large Barkhausen discontinuity in a magnetic hysteresis loop even when the length thereof is 10 cm or shorter. 
Also, only a k>w critical magnetic fiM is needed to evoke a large Barkhausen discontinuity, and the characteristics 
desaibed above can t>e achieved even in the case of an amorphous aDoy ribbon having less twist The present inven- 
tion was achieved based on these f indngs. 
30 That is. in a first entxxlinient. the present irn^ntionprovkles an Fe^^^ 

cross sectx)n having a wkith of from 100 to 900 pm and a thickness of from 8 to 50 |inx and having a niagnetic hyster- 
esis loop which exhibits a large Barkhausen cfiscontinuity. 

In a second embodiment the present invention provides an Fe group-ttased anvrphous aDoy ribbon having a 
aoss-sectional area of from 0.0025 to 0.03 mm? and having a magnetic hysteresis loop wfiich exhibits a large 
35 Barkhausen discontffiuity. 

In a third entbodiment. the present invention provUes an Fe groip-based amorphous alloy rOibon of ttie above- 
desaibed first or second embocfiment having a thickness/Width ratio of from 0.01 5 to 0.4. 

In a fourth embodiment, the present invention provkies an Fe group4>ased amorphous aDoy rS}bon prepared by 
heat-treating a twisted ribbon havir^ a twistffig nuniber, when no stress is applt 
40 10 cm length of the r3)bon. and wherein said amorphous rbbon when held flat has a magnetic hysteresis kxsp which 
exhS>its a targe BarWiausen discontinuity. 

Also, in a fifth OTibodiment the present invention provkJes a magnetic narker oonprising the Fe ^oup-basad 
amorphous alkiy rbbon of the present invention as described abov& 

The anK)rphous alloy ribbon of the present invention exhibits a large Barkhausen discontinuity in a critical magnetic 
45 field of 0.7 Oe or kTwer even when the length of ttie ribbon is 10 cm or shorter. When tbe amorphous alloy rftsbon is 
placed in an alternating magnetic fieU. exceDent pulse voltage characteristics are obtained in a detection coB. Also, 
t>ecause the testing number ol the anMxphous aUoy ribbon is reduced, the ribbon is easily handled. As a result prac- 
ticaDy usable niagneticniarker&vvhich scarcely show hwisting can be prepared in which the ribtmisheUflatwithafilm 
of an organic material, etc. 

so Furttiennore. the amorphous aDoy ribbon of the present invention can t>e wUety applied to various magnetic sen- 
sors such as a rotation sensor, etc. Alsa the inventive amorphous aDoy ribbon is an industrial material which can be 
applied to various sensor elenronte such as a su per ♦>'^"-*yp ft oube generating elenrtent which elenrtents cannot be real- 
ized by conventional anKrphous altoy filantems, 

65 pRl^F DESCRIPTION QF TH^ PBAWINQS 

Fig. 1 is a schematic cross-sectional view showing an exanrple of ttie cross^sectional form of t^^ 
amorphous alloy rSsbon of the present invention. 
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Rg. 2 is a schematic ooss-sectiona) view shewing another example of the cross-sectional form erf the Fe group- 
based amorphous aRoyrftibon of the present invention. 

Fig. 3 is a scheniatk; cross-se^ional view shovnng 
based amorphous aHoyntibon of the present invention. 
5 Fig. 4 is a view showing an exarrple of a magnetic hysteresis loop of the Fe group-based amorphous atby r93bon 
oflhepresenltnt^oninaniagnatizingfiekJthatislGwmt^ critical magnetic fieki. 

Fig. 5 is a view showing an example of a magnetic hysteresis loop of the Fe groufhbased amorphous alloy ra)bon 
of the present invention in a magnetizing fi^ that is higher than the critical magnetic field. 

Fig. 6 is a schematic percpective view showing an exarrple of a magnetic marker emfAoj/ing the Fe group-based 
10 amorphous aOoy ribbon of the present invention. 

Fig. 7 is a schenrtatx; perspective view showing an exaniple of tfie rnagnetc rr^^ 
of adopting a deactivatkMi stata 

PgTAILf D DgSCRIP-nON O F THE INVENTIQN 

IS 

The present inventkm is es^mned below with reference to the aixxmpanying drawings. 
The amorphous aQoy ribbon of the present invvrtion has an amorphous structure as conformed by X-ray diffracfon 
analysis, but rray also contain a smaUanriount of a crystal phase as kvig as nria^^ exhibrting a large 

Barkhausen disoontinurty in the magnetc hysteresis loop are obtained when the nlibon is held flat 

20 In the present inventk)n. the wkfth of the amorphous allpy rOten is from 100 to 90O fim. By reducing the wdth of 
the amorphous alloy ribbon to 900 ^m or lower, the amorphous rSibon exh^Nts a targe Barkhausen discontinuity in a 
magnetizing fieU of 0.7 Oe or tower (that is. exhibits a large Barkhausen cSscontinuity in a critical magnetk: field of 0.7 
Oe w k)wer) even when the length of the rftixjn is 10 cm a shorter. Alsa the amorphous aDoy ri 
that, even when inserted between films of an orQanic material or between papers to form a magnetic marker, a sharp 

25 inc&Jced pulse having a high voltage and a high level of higher order harmonic waves is generated by the large 
Barktiausen discontinuity. 

Inaddtion. in oivfer to obtain an anrKxphousalk)yrS3bcn which exhibits a lar^ 
critk:al magnetic field after heat treatment and to obtain magnetic characteristics having a large Barkhausen disconti- 
nuity by using a twisting number of 2 turns or tower per 10 cm during heal treatment, the width of the ritsbon is preferably 

30 from 150 to 800 |im. 

Furthennore, in order to obtain magnetic characteristics having a large Barkhausen discontinuity at a low critical 
magnetic field and in a smaller-sized anrxxphous altoy rbbon. the wkfth thereof is preferably from 150 to 700 |im. 

In this case, if the wkfth of the amorphous altoy ribbon is broader than 900 (im, the critical value of the magnetic 
field needed to evoke a large Barl^ausen discontinuity tends to increase, and an amorphous aOoy ribbon having a 
35 length shorter than 10 cm after heat treatment does not exhOxt a large Barichausen discontinuity. This is still the case 
even when the heat treatment is carried out by varying the twisting number applied per 10 cm length during heat treat- 
ment, the heat-treatment terrperature and the heat-treatn^ time. 

Also.even ifalargeBari(hausendiscontinutyinthe magnetic hysteresis loop is obtained, an amorphous aQoy rib- 
bon having a wkfth that is narrower than 100 )im is (fisadvantageous in that the voltage of the induced pulse is tow. 
40 The Vvidth* of the amorphous alloy ribbon of the present invention is the distance between the skle porttons in a 
cross section thereof (the tongesK dimension in tiie wkftti directton). and the cross secttonal form may be selected from 
vartous forms such as those shown in Figs. 1 to3. 

In the present tnventnn. the thickness of the amorphous altoy ribbon is from 8 to 50 |im. Also^ from the viewpoint 
of manufacturabiDty using a melt spinning metfKxJ. the amoiphous altoy ribbon preferably has a thtokness of from 1 5 to 
45 45)im. 

In this case, even if a large Barkhausen discontinuity in the magnetic hysteresis toop is obtained, a thickness of less 
than 8 ^m causes a problem in that the vottage of the induced pulse is tow. Also, if the thtok^ 
the material does not t)eoome sufTcientiy amorphous, magnetic characteristics exhibiting a large Baridiausen disconti- 
nuity are not obtained even when heat treatment is carried out. and the mat^ial tends to t)ecome brittie. With respect 
50 to this last point the vbtoon tends to tear during the twisting heat treatment and in the step of producing magnetic mark- 
ers therefrOTt 

Furthennore. in the present inventiori, the wkfthfthickr^ess ratio (dirnensional ratio) of the amorphous alley ribbon is 
preferably from 0.015 to 0.4. Alsoi from the viewpoint of the magnetic characteristics of the amorphous altoy rftibon and 
its manufacturabaity, tfie wkfthmtickness ratio more preferably is from 0.02 to 0.35. Moreover, in the present invention. 
55 in order to obtain ma^etic characteristics hamng a large Barttfrnisen cfiscontinuity at a tow aitical magnetic fiekf and 
in a smaller-sized amorphous aDoy ribbon, the wkfthAhickr>ess ratio is most preferably from 0.05 to 0.30. 

In the present invention, if the width/tfvd<ness ratio of the amorphous altoy rftborx exceeds 0.4. tfte rUon becontes 
brittle due to an insuff ident coding rate during production of the ribbon bf a melt epcnnong method or, in the case of pro* 
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ductng a narrow width ribbon from a broad width ribbon by a mechanical cutting method, the production thereof tends 
to be difftcuh due to a width that is too narrow. Also, if the widt^ 

ftcult to obtain an amorphois aDcy ribbon exh3)iting a large Barkhausen discontinuity at a lew critica) magnetic field 

after heat treatnrient Alternatively, an arnorphous alloy rftjbon h 
5 rnerit does net exhibtt a large Barkhausen disoxitinutty in some case^ even when the heat treatment is carried out by 

varying the twisting number appliedper 10 cm length during heat treatment and the heat-treatment conditions such as 

the heat-treatment temperature^ the heat-treatment time, bAc 

Furthermore;, in the present invention, tf)e cross-sedianal area of the amorphous aDoy r2)bon generally is from 

0.0025 mm^ to 0.03 mm?. Also, in view of ttie ma^etic characteristics and noanufacturabifity of the amorphous alloy 
10 ribbon, the cross-sectional area of the tftbon is preferably from 0.003 mm? to 0.0275 mm?, and more preferably from 

0.005 mm^ to 0.025 mm?. Furthermore, in order to obtain magnetic characteristics extubiting a large Barkhausen cfis- 

oontinuity at a low critical magnetic field in a smaller-sized amorphous alloy ribbon of the present invention, the cross- 

sectionat area of the ainorphous alloy risbon is nrttst preferably from 0.005 nvi^ 

In the present invenlioa if the aoss-sectional area of the amorplKHiS aOoy rftjbon is made smaller than 0.0025 
15 mrr?. the rtton is difficult to produce using a melt spinning method or a mechanical cutting method. Furthermore, even 

if the amorphous alloy ribbon exhOHts large Barkhausen characteristks after heat treatment, the pulse vOttage th^eby 

generated is too low for practical usa 

Also, if the cross-sectional area exceeds 0.03 mm?, an anwphous aDoy ribbon having a length of 1 0 cm or shorter 

does not exhExt a large Barkhausen discontiniiDty after heat treatment, even if the heat treatment is applied under var- 
20 ying conditions. 

The twisting number of the amorphous aDoy rOsbon in the present inverttion is counted once (1 turn) for each 360" 
rotation. By measuring the twistir^g number or the twisting angle per 1 meter in length when stress is not applied, the 
twisting number per 10 cm length of the rbbon is determined Also; in the annorpN 

tion treated by heat treating with twist to thereby impart large Barkhausen characteristics, the width, the thidoiess, the 
25 cross-sectional area. etc.. preferably are as desaa>ed above, and the twisting numbo' is from 0.05 turns to 3.5 turns 
perl 0 cm of the ribbon. Also, in order to obtain large Barkhausen characteristics where the critical magnetic Md is fur- 
ther stidbilized. the twisting mrvbef during heat treatment is more preferably from 0.1 turns to 3 turns per 10 cm of the 
ribbon. 

In this case, if the twisting nurrt>er per 10 cm of the amorphous alloy ribtxxi is less than 0.05 turns, the length of 
30 the amorphous altoy rftibon necessary for exhftMting a large Barkhausen discontinuity when the rOibon is hekj flat tends 
to increase. Also, even though the amorphous alk^y rOibon exhibits a large Barkhausen discontinuity, a twisting number 
of more than 3.5 turns inaeases the aitical value of the magnetic fieU. Furthermore, the magnetic marker adopts a 
strongly twisted state due to the high rigkirty thereof when the ribbon is untwisted and fixed on a flat surface fix prepar- 
ing a magnetic marker. As a result, a magnetic marker thus prepared is difficult to handia 
35 In the Fe grouptased amorphous altoy ri)bon of the present invention, there is no parfojiar limitation with respect 
totheoorrpositionQf the aOoytftat is used as long as the alksy contains at least 65 atoni^ Co, 
and H\ and forms an arrxKphous single phasa However, an alloy composition containing Ni in a rartge of 35 atonrnc % 
or kMver, one or ntore Fe groi4)-k>ased elements selected from Fe. Co and Ni in a sum total of from 65 atomic % to 90 
atorruc %, and at least one or more el&nents selected from B, P, C, Si. Al, Ga, Zr, Mb and Ta for accelerating the forma- 
40 tion of an amorphous phase in a sum total of from 10 atorruc % to 35 atomic % is preferred in the present inventk)n. 
Furtherrnora in the present inventm. the alk)y may further contain at least m 

not more than 10 atonrvc % for tmprcving the corrosion resistance of the alley oorrposition. and can be used without 
causing a particular problem as long as the alloy exhibits a large Baritausen discontinuity in me magnetic hysteresis 
loop. 

45 In the present invention, if the total contem of the Fegrouptesedelernents is less than 65 a^^ 

characteristics are deteriorated and the amorphous alto/ r^sbon tends not to exhbrt a large Barkhausen cfiscontinuity in 

the rnagnetic fiysteresis loop at room terrperatura Alsa if the tolal contem 

atomic % or if the sum total of the dements for accelerating the formation ol an amorphw 

%or exceeds 35 atomic %. respectively, the amorphous phase forming capability is reduced. As a result, it is difficult 

50 to form an amorphous single phase, and an amorphous alloy ribt)on exhibiting a large Barkhausen (fiscontinuity in the 
ma^etic hysteresis loop becomes difficult to obtain. 

The amorphous alloy ribbon of the present invention having a length tf^ is shorter than 10 cm exfubiis a large 
Barkhausen (^continuity which is a sudden magnetic flux reversal when the applied magnetizing field reaches a pre- 
determined strength (hereinafter referred to as the critical magnetic f ieti) in the magnetic hysteresis loop as shown in 

55 ngs.4and5.Thisisacoonpanledbyarnagnetizationchangeinanarnomtof atlea^3^ 
ration (saturated magnetic flux density) of the material. 

Also, when oonsklering appGcation of the arnorphous alloy ribbon to nfiagnetjcrmrioers, an amorphous an 
having a length of 7 cm a shorter and wtnch exh^Hts a targe BariOiausen dtsoontin^ 
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Also, in the amorphous alloy ra)bon of the present invention, the length of the critical nnagnetic field at which the 

magnetic flux reversal occurs and which Is accorrpanied by a large BarKhausen discontinuity Is not more than 0.7 Oa 

Furthermore, when used as a magnetic material for a magnetic marker, the strength of the critical magnetic field value 

is more preferat)ly not more than 0.6 Oe, and most preferak)ly from 0.05 to 0.5 Oa 
5 In this case, ti the strength of the critical magnetic field needed to a targe Barkhausen cfisoontinuity exceeds 

0.7 Oe, the detection characteristics of a nnagnetic marker that is forrn^ 

ricrate and the practical properties of the magnetic marker are lowered. 

The amorphous alloy ribbon of the present invention generates a sharp induced voltage pulse accompanied by a 

large Barkhausen discontinuity when subjected to an alternating magnetic field. Also, tfte higher order harmonic oom- 
w ponents of the pulse voltage thus generated are obtained at a suffidently high amplitude lor detectioa Accordino^y, the 

amorphous alloy ribbon of the presem inverition can be widely used as a piilse generals 

and magnetic sensors. 

The magnetic marker of the present invention comprises the above<lescrit>ed amorphous alloy ribbon as a pulse 
generating element Alsa the magnetic mariter can be efrpkved in various forms. Rg. 6 shows a typical 

J5 magnetic marker stmcture of the present Invention, and the arwphous alloy ribbon of the present invention is prefera- 
bly maintained in a flat slate in whk;h the twist is released. Ateo^ the amorp^ 

determined length may be disposed on a base material f flm 2 coated with an adhesive, and a base material film 3 
coated whh an adhesive is placed on the rbbon 1. 

In this case; the base n^erial used for sandwiching the ribbons between the films of the base materials in a flat 

20 State may include various organic materids such as polyethylene terephthalate. papers, etc. Abo^ a base material hav- 
ing a thickness of from 0.5 to 200 ^m can be used and, depending on the intended application, a base material made 
up of two or more kinds of mater^te can also be used. In addition, in nagnetx; mariners used for article sun^lance. 
etc.. the magnetic markers are generally adhered to the articles. In this case, a base material film having a pressure- 
sensitive adhesive layer on the back surfeoe (not shown in the figure) may be used. 

2s Also, in order to aOow the magnetic mariner to have two kinds of states, that is. a state which exhibitB no maricer 
characteristics (hereirtafter, referred to as a deactivation state) and a state exhibiting marker characteristics, a semi- 
hard magnetk; niaterial having a coercive force of exceeding 30 Oe niay be used togeth^ 

bon. For exanple, Rg. 7 is a schematic view of one embodiment ol the magnetic marker of the present invention whk:h 
can adopt a deactivation state In Rg. 7, a eemi-hard magnetic material 4 comprising a plurality of small pieces is ds- 

30 posed around the amorphous altoy rbtxxi 1 . The anxxphous alloy ribbon 1 and the hard magnetic materials 4 are sand- 
wiched between base material f am 2 and base material f Om 3. When a magnetic f ieU exceeding 50 Oe is applied to 
such a magnetic marker, ttie semi-hard magn^ materials 4 are magnetized and the anK)rphous aUoy ribbon 1 is 
exposed to a bias magnetic f ieM. Thereafter, even if the magnetic ntarker is placed In an external alternating magnetic 
ftekJ. rt maintains a deactivation state and does not generate high pulse voltage. 

3S The Fe group-based amorphous altoy tftibon of the present invention can be proc&x:ed using a melt spinning 
method to obtain the above-described specif c aoss^sectional dimensk>ns, followed by heat treatment 

The melt spinning method is not particulariy limited as as amorphous alby ribbons having the specif k: cross- 
sectional dimensk>ns as defined by the r^esem invention are obtained. The amorpho^ 

ducedby a melt exlractton method, a centrifugal melt spmring method, a single rofl melt spinning method, or a twin roll 
40 melt spinning method, whteh Is conventionally known as a melt spinning metiiod. For example, when a single roa melt 
spinning method is utilized as the melt spinning method, anuxphous aUoy tftibons can be produced by melting an alloy 
in a cerannc nozzle having an orif'ce at the tip thereof, and t^ ejecting the rn^ 

per rdl to quench and solkfify the rnoltenaQoy. Typical productk)nconc^^ nozzle having 

a nozzle orif k» having a cross-sectkKial area of 0.2 mm? or smaller, and the molten alby may be ejected from the noz- 

4S zle orifice onto a copper roll rotating at a peripheral speed of from 5 to 50 metersfe^^ 
or higher in the air, under vacuum, or in an inert gas atmosphere such as argon gas, etc. 

Also, as tong as anrarphousaOoy ribbons having the cross-sectional <finr>ensk^ defined by the present invention 
are obtained, it is possble to empk^ vnthout diffkutty a method in which (1 ) a broad wkith amorphous aDoy ribbon is 
produced by a melt s(»nning method, and (2) an amorphous alby ribbon having a narrow wbth is produced from the 

so foregoing wkte ribkXHi try a mechanbal sTitting method. 

The heat-treatment method of the amorphous aDoy ribbon of the present invention is not particulariy Emited as bng 
as Eunorphous alloy ribbon exfiit>iting a large Bari^usen discontinuity in the magnetic hysteresis bop after heat treat- 
ment is obtained. The prden-ed methods for heat-treating the amorphous alby ribbon of the present invention indude 
a nrwthod of heat-treating in a temperature range of from ^O'C to the crystaOization tenrper^ 

55 ing the amorphous alloy dtibon for a time of from 0. 1 to 100,000 seconds under concfitions where twisting and tension 
are hardly appOed to the ribbon; a method of heat-treating in a temperature range of from 250^C to the crystalTization 
ternperature at a time of from 0.1 to 100.000 seconds white twisting from 0.05 to 3.5 turns per 10 cm lengtii of the rib- 
bon; and a method of heat-treating a temperature range of from 2S0*C to the crystallization tenperature at a time of 
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from 0 J to 100,000 seconds while bMSting from 

stress of from 0.05 to 1 30 kgArvn? in the lengthwise direction of the rSibon. etc. 

Also, the anrK>rphou5 alk)y rOjbon having good large Barkhais^ 
tton can be produced by a rndhodd hem-treating which corrprisespassi^ thearmrphous 

5 aOcy rSibon having the spedfc cn>s&-sectional dinDer^kms deTtned in the present invention, or by a method of heat- 
treating which comprises applying a magnetic field and further passing an electric current during heat treatment 
through the abov^escrbed amorphous alloy ribbon, in addition to the other heat-treatment methods described above. 
In these methods, in order to realize targe Barkhausen d'eoontinuity characteristics having a low critical magnetic field, 
the heat treatment may comprise a method of passing a direct current or an alternating current of from 0.01 to 20 A 

10 through the lengthwise (firection of the aiTorphous alloy riabon in a tenrperat^ 

tion temperature, or a method of passing a direct current or an attemating current of from 0.01 to 20 A throu^ the 
lerigthwise direction of the amorphous alloy ntbon in an appfied direct current or alternating magnetic field of from 0.05 
to200e. 

The present invention is further desahed with reference to the foOowing Examples and Comparative Examples 
IS which are by way of illustration only but rxit by way of limitation. 

EXAMPLES 1 to 13 AND COMPARATIVE EXAMPLES 1 to 9 

Each of the aDoys composed of the various compositions shown in Tabte 1 below was quenched using a single roll 
20 melt spinning metfiod to prepare a r3)boa 

In adtfition. in the single roll melt spinning method, each of the alloys shown in Table 1 was melted in a quartz noz- 
zle havnng a nozzle (vSice of from 80 to 900 |im in darneter in an argon atnwsph^ 

a copper roll having a diameter of 20 cm rotating at from 1000 to 4500 rpm at an argon gas ejecting pressure of from 
0.5 to 4 kg/cm?, and the molten alloy was quenched to prepare alley ribbons. In this case, the distance between the 
25 quarts nozzle and the coding roll surface was 1 mmorshorter. 

The quenched rOtens thus prepared were heat-treated at 28Xy*C for 25 minutes while applying a twist of 0.5 turns 
per 10 cm length of the ribbons. 

The structure, the width, the thickness, the pulse voHage. and the presence of a large Baridiausen (fiscontinuity in 
the magnet hysteresis loop of each n*bbon were measured. The results are shown in Table 1 below. 
30 With respect to the stnx:tiffe of the rittea a halo pattern obtained by an X-ray 
teristic of an arnoiphous phase, was ek/aluated as having an aniorphous state, and 

annorphous substance and a crystaOinesubstarxs was evaluated as having a crystalEne state. Alsoi 10 cross sections 
d each rOibon were obsen^ by an optical miaosoope. 0PT1PH0T (trade name, manufactured l>y NIKON CORPO- 
RATION) and the width and the thickness were calculated as average values of the 10 cross sections. Also, using the 

35 average values, the ratio (t^v) of the thickness (t) to the width (w) was cakulated. 

With respect to magnetic characteristics of the rSsbons thus prepared, the magnetic hysteresis kX3p in an alternat- 
ing magnetizing magneticf leU of fromO.01 to 1 0e and at a frequency of 60 Hz was measured fnirthermore, each rib- 
bon havBDg a length of 20 cm was held in at a flat state so as to determine the presertce or absence of a large 
Barkhausen discontinuity and tiie nwumum strength of the appOed magnetk; fiekl needed to impart a large Barkhausen 

40 diSGontinurty (critical magnetic fieU). 

Furthermore, with respect to the pulse voltage generating characteristics of each anxMphous aDoy ribbon thus pre- 
pared, the ribbon was magnetized with a sine wave having a frequency of 50 Hz and a maxmnum magnetic fteU of 1 
Oe. The pulse voltage was measured using a detection ooa of 590 tuns having a length of 3.5 cm and an inskte (fiam- 
6terof3cmooiled around the central portion of ttie amor(>hous alloy vtibon, 

45 



50 
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55 

As shown in Table 1 above^ the Fe groip^>ased amorphous ribbons of the present invention had a magnetic hys- 
teresis bop exhajiting a large Barkhausen (fisoon1ini% reflecting the spedftc cross-eectional dimensions of the 
presertt invention. Atea the crrtical magnetic field at the magnetic flux reversal ms tower than 0.5 Oe in each sanrple. 
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AdditionaUy, the induced pulse generated in thd detection cofl had a sharp wave forni. Ihus. each sanple of the inven- 
tion provided exceflent pulse ydtage generating characteristics of 70 mV or higher and excdfent detection characteris- 
tics. 

On the other hand, those rik)boris having a width occeeding 900 pm or having a aosss^ 
width to the thickness was less than 0.01 5 as shown in Ccnparatrve Examples 1 and 2, respectively; (fid not exhikirt a 
large Bart^iausen cfiscont'nutty e^en though tfiey were amcNrphous and even when these ribbons were twisted only 
once per 10 cm length during the heat treatment tn these conparative samples, the pulse voltages thus generated 
were extremely low as oorrpared with Exarnptes 1 to 13 of tfie presern invents 

Also, in the case of rUx)ns having a width of less than 100 |im or a thickness in Com- 

parative Examples 3 and 4, respectively, the resulting pulse voltages were low. Thus, these rOsbons were not practicaOy 
useful as magnetic markers and the like even though they were amorphous and exf^xted a large Barkhausen disoon* 
tinidty. 

In those ritibons having a tfuckness exceecfing 50 iim or having crosa-sectional dmensions such that the ratio of 
the wklth to the thickness exceeded 0.4 as shown in Comparative Examples 5 and 6. respectively, the quenching effect 
during pioductkH) was insuffk:ient and an amorphous structure was not oblained. Furthermora these ribtxms did not 
exhibit magnetk; characteristks having a targe Barkhausen discontinuity. 

Furthennore; in the rStens of Conparatrve Exanples 7 and 8. the total content of Fe groip elements in each sam- 
ple was less than 65 atomic %. Although these samples had an amorphous stnjcture. ^ey were non-magnetic rtbons 
and a pulse voHage was not detected. 

Also, in the rft)bon of Corrparative Example 9. the content of elemenls which accderate the formation of an amor- 
phous phase was too large and therefore an amorphous structure was not forrned The ritten did not exhibit a large 
Barittiausen discontinuity, and the pulse voltage thus generated was very tow. 

EXAMPt^S14TP26 

The same procedure was Mowed as in Exanple 1 . except that the length of each of the ribbons of Exarrples 1 to 
13 was changed to 1 0 cm. The magnetk: charactertetics were evaluated as a function of the aoss-sectkKial dimensions 
of the rbbons thus prepared. The results are shown in Table 2 betow. 
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As Shown in Table 2 above, the Fe groip-based amorphous ribbons of the present invenfon still exhibited a targe 
Barkhausen cfiscontinuity even though the length thereof was shortened to 1 0 cm. reflecting the speofic cross-sectiona) 
cfimensions of the present invenboa Also, the critical magnetic f letd at the magnetic flux ro^ersal of each sar^ple was 



10 



EP0833351 A1 



almost the same as obtained for the corresponding riksbon having a length ot 20 cm. Additiomlty, the ma^vtude of the 
magnetic field needed to mpart large BarKhausen discontinuity was less than 0.5 Oe in each case Adcfitionaily. the 
induced pulse generated in the detection a>ii for each sanple had a sharp wave forni. a^ 
lent pulse vottage generating characteristics and exceflent detection characteristica 

5 

EXAMPLES 27 TO 39 AND CO MPARATIVE EXAMPLES 10 to 13 

Each of the alloys f^'ng the compositions shown tn Table 3 below was quenched using the single roll mett spinning 
method as in Exan^ 1 and heat4reated. 
10 The structure, width, thickness, cros&sectional area, the presence or abse 

in the magnetic fiysterests loop, and the value of the aitical magnetic field of each ribbon were evaluated as in Exanrple 
1. 

The results obtained are shown in Table 3 below. 
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As Ghovm in Table 3 above^ each of the Fe group-based amorphous in Exarrples 27 

to 39 had a magnetic hysteresis loop exhas'rtirig a large Barkhausen discontinuity, reflecting the specific cross-sectional 
dimenskvis of the present invent'on. Furthermore, the crilicat magnetic field needed to Impart a large Barkhausen ds- 
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continuity was lower than 0.5 Oe tn each case. Alsa the induced pulse generated en each detection ooi) was a pulse 
having a sharp wavefonn. and each sample had excellent piise vottage generating characteristics of 70 mV or higher. 

On the other hand, in those rStens having a width exceeding 900 or having a aoss sectional area exceeding 
0.03 rruT^ as shown in Connparative Examples 10 and 11. respectively, a magnetic hysteresis loop exhMing a targe 
5 BarKhausen discontinuity was not obtained, and the piise voltage thus generated was extremely lew as conpared with 
Exanrf)tes27to39. 

ASso. in those rSsbons having a width of less than lOO^orathtcknessof lessthanS^orhavingacross-sec- 
twnaJ area of less than 0.003 mi^ as in Corrparatwe Exanples 12 an^ 

these rbtxKis were not (vacticalty useful as magnetic markers and the like, even though they had an amorphous stnic- 
10 ture and exhitxted a targe Barkhausen discontinuity. 

gXAMPL£S40TO52 

The same procedure as in Exanple 27 was followed, except that the length of each of the riA}ons of Exa^ 
IS to 39 was shortened to 10 cm. The magnetic characteristics were evaluated as a function of the ooss-sertional cfimen- 
sions of the ritsbons thus prepared. 

The results are shown in TBt3le4 t>elow. 
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As Shown in Table 4 abcve, the Fe groupi^ased amorphous ribbons of the present invention exhibited a large 
Barkhausen disoont'nuhy even when the length was shortened to 10 cm. reflecting the specific ooss^ectiDnal dSmen- 
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sions of the present invention. Fnjrthermore. the critical magnetic field at the magnetic flux reversal of each sample was 
almost the same as obtained for the corresponding r3ix)n having a length of 20 cm. ^ 

magnetic field (critical magnetic field) needed to impart a large Barfchausen dSsoontinuity was less than 0^ Oe in each 
casa Thus, the induced pute generated in the detection coil for each sanple had a sha^ 
5 provided excellent pulse voltage generating characteristics of 70 mV a higher and excellent detecdon characteristics. 

EXAMPLES 53 TP 57 

Each of the alleys having the oomposrtions shown in Table 5 below was quenched using the single roU melt spinning 
10 method as in Example 1 and heat tr^ed. 

The structure, width, thickness^ aoss-sectional area, the presence or absence of a large Bartchausen discontinuity 
in the magnetic hysteresis loop, and the value d the critical magnetic 
evaluated as in Example 1. 

The results obtained are shown in Table 5 belcw. 
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As shown in Tatale 5 above, the Fe grouy>l>ased amorphous ribbons of the present invention exhibited a large 
Barldiausen dieoontinuity even when the length was shortened to 7 cm. reflecting the Gpedfic aoss-sectiona] dimen- 
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skm of the presem invention. The critxal mag^ 

casa Thus, the induced pulse generated In each detection cofl was a sharp wave fomx and each sample had excellent 
pulse voltage generating characteristics of 70 mV or higher and ^ceQent detection diaracteristics. 

5 EXAMPLES 58 TO 83 

EachoftherUx)ns prepared in Examptes 1 to 13and Exanple8 27to39wa8CUttoalenggljQ{J^cnitoprc^n^ 
a pulse generating magnetic substance for tprnmng rrayietic ma rkers. Theg each sample wasufTOrtS^)e tween e pty- 
ethy lene terephth ala te films a s base ffiaterialfiTnre having a thic^ 
10 with an adhesive, to provioe nragnetic markers ha^ng the structio'e shown in Rg. 6 and a length of 9 cm. In the mag- 
netic markSiiuts prepared, each raibon was held flat so that the twist applied during heattreatment was released. 

The alternating niagnetic hysteresis loop in a niagnetizingnriagnetic field olfri^ to 1 Oe and at a frequency 
of 60 Hz was measured with respect to each of the magnetic markers thus prepared to determine the preserx» or 
absence of a large BarMiausen cfiscontinuity. Furthenmoret with respect to pulse M>ltage generating characteristics, 
IS each of the magnetic markers thus prepared was magnetized t>y a sine wave having a frequency of 50 Hz and an 
applied maximum magnetic fieU of 1 0e. TYie pulse voltage was measured using a detectksn coil of 590 turns having a 
length of 3.5cm and an inside danneter of 3cm coiled around the nognetic marker. 
The results are shown in Tables 6 and 7. 
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As shomi in Tables 6 and 7, n each ol the magnetic markers of Examples 58 to 83. a magnetic hysteresis loop 
exhibftirig a large Barkhausen discontinuity was ot^ 

ing the specific ooss-sectional dimensions of the present invention. Thus, the induced pulse generated in the deteclion 
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coil had a sharp wave form, and each sanple had excellent puSse voltage generating characteristics of 70 mV or higher. 
Also, the strength of the ntagnetic field (critica) magnetic fteti) needed to evoke a large Barkhausen discontinuity in 
each of the rnagnetic markers was lower than 0.5 Oe as shewn from Tallies 

5 EXAMPLES B4 TO 93 AND COMPARATIVE E XAMPLES 14 TO 16 

Each of the alloys having the compositions shown in Table 6 was quenched using the single rod mett spinning 
methodof Example 1 to prepare ribbon& Also, each ribbon was heat-treated at 39^ applyinga 
twist of from 0.025 to 30 turns per 10 cm length of the raixm. 
10 TTien. for each of the rftsbons thus prepared, the structi^ e, width, thickness^ cross-sectiona) area, pulse vintage, the 
presence or atysence of a large Barkhausen discontinuity in the magnetic hysteresis loop, and tfie critical magnetic field 
were measured using rft)bons each having a length of 10 cm as in Exarrplel. 
The results obtained are shown in TaUe 6 bekjw. 
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As shovm, in Table 8 above, in each Of the Fe groii9>tesed anuxpho^ 
irwention. a magnete hysteresis loop exNbHing a large Bartdtausen discontinuity ras obtained for a twisting nunnber of 
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from 0.1 to 3 tums/10 cm during heat treatment, reflecting tfie specrfic croGs-sectional cfimensions of the ribbon defined 
in the present invention. Thus, the induced pulse gerterated in the detectk>n coil had a sharp wave form and each rbbon 
had excellent putse vottage generating characteristics of at least 70 mV. Alsa the magnetic field (crittcal magnetic field) 
needed to evoke a large Barkhausen discontinuTty of the Fe group-based a^ 
from 0.2 to 0.5 Oe. 

On the other hand, as shown in Comparative Examples 14 to 16. those rOibons having a aoGS section siK^h that 
the ratx) ol the width to the thickness was less ttian 0.015 or having a aoss-secti 

not exhibit a large Barkhausen discontinuity even when the twisting number was from 0.5 to 3 turns/IO cm. Alsa the 
putse voltages thus generated wereextremefykMv as compared with those of Examples 84 to 93. 

As described above, the Fe group-based anmphous aDoy rftibon of the present inventkxi having specific cross- 
sectionat (Smensions can be prepared t>y twisting during heat treatment The rbbon thus produced exhitNts a large 
Barkhausen disoontinuty in a critical magnetk: fieU of 0.7 Oe or lower when held ftei Also, the anv>rphous rbbon has 
excellent characteristics as a pulse generating element for magnetic markers. 

EXAMPLES 94 TO 96 

Each of the altoys having the compositioris shown in Table 9 was quenched using the single roll melt spinning 
method of Example 1 to prepare ribbons. AIsol each ribbon was heat-^reated at 340^ tor 10 minutes without applying 
atwisi 

Then, for each of the ribbons thus prepared, the structure. wkHh, thictoiess, aoss-sedional area, pulse vottage. the 
presence or absence of a large Barkttausen cfiscontinuity in the magnetic fiysteresie kxip, and the critical magnetic fieU 
were measured i^ng ribbor^ each having a length of 10 cm as in Example 1 . 

The results obtained are shown in Table 9 betew. 
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As showm in Table 9 abo^ in each of the Fe groijp4>ased aiTK)^^ 
invention, a magnetic hysteresis locp ediibiting a large Barkttausen disoontinuity was obtained even wrthout twisting 
during heat treatment, reflecting the specrfic cross-eectional dimensions of the ribbon defined In the present Invention. 
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Thus, the induced putse generated in the detection ooil had a sharp wave form and each rtobon had ex^ 

age generating characteristics ot at least 70 mV. Also, the magneticfietd (critical magnetic field) needed to evoke a large 

Barl^hausen discontimiity of the Fe oroup4>ased arnorphous rOabons of Exam^ 

In adcBtioa it was confirmed that the rt)bon& of Examples 94 to 96 exhibits a large BarWiausen dtsoontinuity in a 
crrtica] magnetic field of 02 Oeorlower even when the lerigth was shortened to 7 cm. 

As is dear from the results of IWe 9. the Fe group-t>ased amorphous alloy rSibon of the present invention wtiich 
has no twisting after heat treatment exhibits a large BarWiausen cfisoontinuity in a artical magnetic field of 0.7 Oe or 
lower, since it is obtained tf heat-treating the rbbon having a specific aoss-sectional dimensions under specific cson- 
ditiona Thi^ the anrarphous ribbon has excellent diaracteristics as a pulse generator for magnetic markers. 

While the inventkvi has been described in detail and with reference to specific examples thereof, it wiD be apparent 
to one skilled in the art that various changes and modifications can t>e made tfierein without departing from the spirit 
and scope thereof. 

daims 

1. An Fe group-based amorphous aHoy rbbon having a cross section having a width of from 100 to 900 ^m and a 
thickness of from 8 to 50 ^m, arvl having a magnetic hysteresis foop which exhibits a large Barkfiausen cfiscontinu- 
rty. 

2. An Fe group-based amorphous aOoy ribbon having a cross-sectional area of from 0.0025 to 0.03 tm? and having 
a magnetic hysteresis kx)p which eKhibits a large Barkfiausen discontinuity. 

3. The Fe group^)ased amorphous alloy rfcbon as daimed in daim 1 , prepared try heat-treating a twisted ribbon hav- 
ing a twisting number, when no stress is applied ttiereto in a lengthwise direction, of from 0.05 Id 3.5 turns per 10 
on length of the ribboa and wherein said amorphous alfoy ribbon when heU flat has a magnetic hysteresis kxjp 
which exhibits a large Barkhausen dtscontimoty. 

4. TYie Fe 90t4)-based alloy ribbon as claimed in datm 2. prepared by heat-treating a twisted r^dbon having a twisting 
nunber. when no stress is applied thereto, of from 0.05 to 3.5 turns per 10 cm length of the ribbon, and wherein 
said amorphous alloy rbbon when hekj flat has a magnetic hysteresis k)op which exhibits a targe Barithausen dis- 
continuity. 

5. The Fe group-based amorphous alfoy tfbbon as daimed in dam 1 , wherein said ribbon has a magnetic hysteresis 
k)op which exfubrts a large Barithausen discontinuity when subjected to a magnetic fiekf having a strength of 0.7 
Oe or lower. 

6. TTie Fe group-based amorphous alloy ribbon as claimed in daim 1 , wherein said ribbon has a magnetic hysteresis 
k)op which exhS>rts a large Barichausen discontinuity when sut)jected to a magnetic fiekf having a strength of 0.6 
Oe or lower. 

7. The Fe group-based amorphous alk^yrOsbon as datnrted in daim l.wher^sM 

k)cp wfvch exhibits a large Barkhausen discontinuity when subjected to a magnetk: f iekl having a strength of from 
0.05 to 0.5 Oa 

& The Fegroup-l)ased amorphous aItoyra)bon as daimed in daim 2. wherein^ 

foop which exhibits a large Baricfiausen discontinuity when subjected to a magnetic fieU having a strength of 0.7 
Oe Of lower. 

9. The Fe group-based amorphous alloy ribbon as daimed in daim 2, wheron sad r&bon lias a magnetic tiysteresis 
kxsp which exhS}its a large Bari(hausen discontinuity when subjected to a magnetk: f ieU having a strength of 0.6 
Oeorlower. 

10. The Fe group-based arnorphousaOoyrbbon as dainied in daim 2. whereon 

kxjp which exhibits a large Barkfiausen discontinuity when sut^ected to a magnetc fiekf having a strength of from 
0.05 to 0.5 Oe. 

11. The Fe group-based amorphous alfoy ribbon as daimed in daim 1. wherein saxi large Barkfiausen discontinurty 
comprises a magnetization change in an anvHint of at least 30% of the saturated magnetic flux density of said 
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amorphous alloy ribbon. 

1 2. The Fe group^>ased amorphous alloy rOibon as claimed in daim 2, wherein said large Barkhausen discontnmity 
comprises a magnetization change in an amount of at least 30% of the saturated magnetic flux density of said 

6 amorphous allay ribbon. 

13. The Fe group-based amorphous aDoy ribbon as datmed in claim 1. having a width of from 150 to aoo >un and a 
thictaiess of from 1 5 to 45 imt 

10 14. The FegroiJ9>4)asedanK)rphous alloy rbbon as claimed 
0.4. 

15. The FegriM4>4)a&ed amorphous alloy ribbon as claimed in claim 2. ha^ 
0.0275 mnf. 

IS 

16. The FegrDi4>4>a&edaniorphous alloy ribbon as claimed in claim l.havi^ 

17. The FegrDt4>l)as6d amorphous alloy ribbon as claimed in daim l.havi^ 

20 18. A magnetic marker comprising an Fe group-based amorphous alloy ribbon sandwi^ 

base stpport materials, e^anrnrphous alloy ribbon having a aoK having a width of from 1 00 to 900 ^m 
and a thickness of from 8 to 50 pm and a magnetic hysteresis loop which eo(^ 

19. The magnetic marker as daimed in daim 18. further comprising a semi 

25 kxcee«;eeding 30 OevvtM is disposed on at least a portion Of saklamo^ 

20. The magnetic marker as dainted in daim 1 8, wherein said ribbon has a magnetic hysteresis loop whidi exhbits a 
large Barkhausen discontinuity when subjected to a magnetic field ha^ a strength of 0.7 Oe or lower. 

30 21. A niagnetic marker conprising an Fe group-based anK>rphousaIk>y ribbon s^^ 
base support nriaterials, said amorphous afloy rS)bon having a cross^sectk^ 
a magnetic hysteresis kx3p wNdi exhibits a large Baridiausen discontinuity. 

22. The magnetic rrartcer as daimed in daim 21 , wherein said ribbon has a ma^etic hysteresis loop which exhibits a 
35 large Barkhausen dtscontinuty when subjected to a magnetic f ieU having a strength of 0.7 Oe or tower. 
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